A hyperdynamic sepsis model in adult baboons was set up to follow the time course of TNF-Cl, endotoxin and neopterin. Continuous intravenous administration of 5.10 8 CFU/ kg live E. coli over 2 hours was followed by a seventy hours observation period.
Introduction
Infection by bacteria. parasites. and other invasive organisms initiates important alterations in immune, metabolic, and hemodynamic function that in their most dramatic forms are recognized as sepsis and septic shock (1) . The constellation of clinical changes secondary to infection is mainly triggered by cytokines proving TNF-Cl to playa key role as a mediator of septic events. TNF -Cl is a 17 kDa cytokine. It is rapidly produced and released mainly by monocytic cells in response to infectious stimuli and appears pivotal for the induction of other endogenous mediators, as well as for the initiation of several responses to infection (1 -3 Another release product of monocytes/macrophages (mo/m0) in response to stimulation is neopterin, a low molecular weight compound. Neopterin is produced as a metabolite in the biosynthetic pathway from guanosine triphosphate to tetrahydrobiopterin (4) . In contrast to TNF-Cl no physiological role for neopterin has been described yet. However, neopterin has been utilized as an indicator of cellular immune activation in a big variety of disorders (5).
Recently, it has been suggested that the estimation of neopterin levels is of diagnostic and prognostic value for the evaluation of the clinical course of patients with septic complications (6, 7) . Besides interferongamma, which has been shown to be the most potent inducer of neopterin (4), lipopolysaccharides (8) directly can stimulate mo/ m0. LPS, which are constituents of the cell wall of gram negative bacteria, are strong inducers of TNF-Cl, too.
These considerations led to the following questions:
1. What is the chronological appearance of neopterin and TNF -Cl in this model?
, What is the response of a subprimate, or his mol mo system respectively, to a septic stimulus?
3. Is this response comparable to the situation found in septic patients?
In this paper we report the results of our investigations of the plasma neopterin, TNF-a and LPS levels in baboons following intravenous administration of live E. coli in a subchronic septic baboon model.
Material and Methods

Animals and instrumentation
Eight male animals of the species Papio ursin us (baboon) weighing between 20 and 25 kg were investigated. After sedation with 6 -8 mg/kg ketamin hydrochloride (Ketalar, Parke Davis, Munich, FRG) the animal was placed in supine position and a tracheotomy was performed. Fi0 2 was kept within 25%
± 2%. The animals were breathing spontaneously.
Anaesthesia was maintained with pentobarbital at a dosage of 2 -5 mg/kg/h. During the shock phase the infusion volume (Ringer's solution) was increased to maintain baseline pulmonary arterial wedge pressure and to keep the cardiac output 30 -50% above baseline. The cardiac output was monitored using the thermodilution technique (Edwards, USA).
E . coli was grown in a fermenter (Tryptone Soy Broth, 150 minutes at 37°C) with agitation, aeration and pH control. This procedure was the result of pilot experiments performed to maximize living cells and to minimize free LPS levels « !lg/10 10 cells).
Plasma analysis
Neopterin was measured by RIA (Immutest, Henning, Berlin, FRG). Creatinine was determined with a photometric kit (Boehringer Mannheim, FRG) using a Cobas Bio (Roche, Switzerland). TNF-a was measured by ELISA for human samples (9 The endotoxin content of plasma was assayed by the limulus amebocyte lysate test (Kabi, Stockholm, Sweden) with a kinetic modification of the test kit procedure (10) .
Statistics
Data are presented as median, 25% and 75% percentiles. The statistical evaluation was done with paired statistics using Wilcoxon signed rank test with an error probability of p < 0.05 chosen as being significant. All p-Ievels refer to formal levels of significance without adjustments for multiple testing.
Results
Infusion of 5.10
8 CFU/kg live E. coli results in an immediate rise of LPS levels. After 2 hours with the end of the administration period, endotoxin levels ( Fig. 1 ) peak (12000 vs 20 pg/ml; p < 0.05) and decline fast (6300 pg at 4 hours, 1447 pg at 10 hours). TNF -a increases steeply from the begin of E. coli infusion, peaks after 2 hours (10 167 pg/ml, p < 0.05) and returns to baseline after 4 hours (186.6 pg/ml). After 10 hours Neo/Crea levels start to increase up to five fold (24 hours; 0.307 vs. 0.06 nmol/!lmol, p < 0.05). In contrast to LPS and TNF-a, Neo/Crea levels plateau at 60% maximum for the following 48 hours (0.18 nmol/!lmol) (Fig. 2 ).
Discussion and Conclusion
Bacterial infection and consecutively endotoxin are believed by many investigators to playa central role in the pathogenesis of gram-negative septic shock. At present, the most prominent candidate as a mediator in this event is suggested to be TNF-a, which is rapidly released by mo/mo in response to activating stimuli.
In order to mimick the clinical course as close as possible we employed a recently established hyperdynamic septic baboon model (11) in subchronic modification.
Endotoxin and TNF show a single pronounced peak.
In contrast, neopterin shows a constant increase from 10 to 24 hours followed by a stable plateau at approximately 60% of the maximum level up to 72 hours.
These findings have been confirmed by a recent paper (12), demonstrating peak neopterin values appearing after 24 hours in endotoxin challenged healthy volunteers. Again, decline to baseline is not shown before 168 hours. The delayed increase in neopteri n might be due to several reasons: T he strongest ind ucer for neopterin. IFN -gamm a a lso a ppears q uite la te (13) . Another reason m ight be that the key enzyme of the BH4 pathway, cyclohyd rolase I (E . C. 3.5.4.16). is synthetized de novo upon stimula tion ( 14) .
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Our data a lso emphasize the useful ness of shock and septicemia rela ted studies in the baboon. A ltho ugh lower, the response of the m o/m el system is comparable to the hu man situation. Reasonable biosynthesis of neopterin seems to be restricted to primates and subprimates, altho ugh a ltera tions in pteridine patterns have been demonstrated for tum or-bearing and infected cats and dogs (15) .
In contrast to the single stimulus used in this model serious infections are ch aracterized by higher and more sustained exposu re to not only bacteria or bacterial products which results in intense host inflamma tory responses culminating during shock . However, the time course of neopteri n , which shows stable plateau values even after a single challenge offers an explanation for the reliability of routine measurements in intensive care patients. Neopterin, which is a small , freely diffu sible solute with ou t proven function seems therefore to be of higher practical u sefulness in daily routine due to lesser fl uctuations than T NF-cx or endotoxin.
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